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SUUMMARY: Bovine liver glutamate dehydrogenase was spin labeled with a nitro
xide derivative of parachloromercuribenzoate. The ESR spectrum was of the
immobilized type and the labeling yield 0.6 mole of spin label bound ner
mole of protomer under standard conditions, The specific activity of the
labeled enzyme was not modified but the activation by ADP abolished. Inhi-
bition by GTP was not altered but the ESR spectrum showed that the bound
spin label was further immobilized in the presence of GTP and NADPH. In

the nresence of the coenzyme NADPH, the labeling yield decreased to half
its initial value. Such a vprotection effect was observed neither with NADH
nor with ADP,

INTRODUCTION

Two important vroblems concerning the mechanism of the ennyme beef
liver glutamate dehydrogenase (GDH) can be fruitfully anproached using
the spin labeling technique (1) :

1) the topographical relations between coenzyme and substrate in the
active site, following the pioneer work carried out in M., Cohn's labora-
tory (2).

2) the distance between the active site and the regulatory site for
the allosteric inhibitor GTP on one hand, for the activator ADP on the
other hand (3).

The nrerequisite for such studies is to be able to label an amino
acid residue either interacting directly with one of the active ligands
or close to their binding sites.

Since many authors have shown that lysine 126 is important for the
binding of the 2-oxoglutarate substrate (4—7), we previously labeled this
residue using a ketone nitroxide, 2-2'-6-6' tetramethylpiperidone N-oxide

(8). The results showed (9) that : 1) this ligand binds to ODH in a very
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immobilized site (through a Schiff base which may be reduced by sodium
borohydride)? 2) the labeled enzyme has a decreased activity; 3) the la-
beling is protected by the oxidized substrate 2-oxoglutarate., However con-
ditions could not be found which would allow a labeling higher than 0,12
per protomer making somewhat ambiguous the interpretations. For example,
it is not known whether this low level reflects the binding to one site
per hexamer, since it is close to one sixth the number of active sites.

In the study presented here, we used another spin label directed to-
wards —-SH groups, a derivative of parachloromercuribenzoate (PCMR-SL){10).
Indeed recent crystallographic data have shown that in the coenwnyme bind-
ing structure of several NAD dependent dehydrogenases there was a cysteine
residue in the vicinity of the coenzyme attachements points (11-12), The
spin-label experiments seem to show a specific binding to one kind of re-
sidue in a rigid envirgnment, the accessibility of which is decreased when

the reduced coenzyme is present,

MATERIAL AND METHODS

The beef liver glutamate dehydrogenase was prepared according to Kubo
et al. (13). The molar enzyme concentration was measured spectrophotometri-
cally at 279 nm on a Cary 15, using a value of 0.97 em? .mg~1 for the ab-
sorption coefficient (14) and 56 100 for the molecular weight of one pro-
tomer (15). The activity was measured under the following conditions (GDH :
0.5 pM 3 NADPH : 150 uM ; 2-oxoglutarate : 15 mM : NH,C1 : 0.1 M : Tris-HCl
buffer pH 7.5). The PCMB-SL was synthetized by Dr. C. Hsia in the 'miversity
of Hawai (10) (cf. Fig. 1). Other ligands were commercial products, nucleo-
tides from Sigma. The electron paramagnetic resonance spectra were recorded
with an k3 Varian spectrometer, using Varian agueous gquartz flat cells, at
room temperature.

RESULTS AND DISCUSSION

Labeling was carried out by incubating the enzyme (0.5 - 5 mg/ml)
with a small excess of PCMB-SL at room temperature in a 0.1 M phosphate
buffer (pH 7.5), for two hours. The reaction time was limited to two hours
as the reaction does not seem to proceed any further under these conditions,
Then the excess spin label was eliminated either through a G-25 Sephadex
column or by an overnight dialysis in the cold room, A small amount of pre-
cipitated material was eliminated by centrifugation.

The spectrum shown in Fig. 1 is of a very immobilized type (1). The
splitting between the upfield and the downfield peaks is 56 G. With the
keton nitroxide, the immobilization was more promounced (67 G) (9). Each
label must thus be rigidly bound to the protein. If one compares this sig-—
nal with those of the same spin-label at different glycerol concentrations,

the tumbling time of the bound label. can be evaluated at about 80 nsec.
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Fig., 1 : ESR spectra of PCMB — nitroxide spin labeled GDH.
Full linea without any ligand ; dotted line, in the presence of 5 x 1004 M oTP
+ 5 x 1077 M NADPH. GDH : 46 pM in 0.1 M phosvhate buffer pH 7.5.

Bound PCMB-SL (uM)

l
100 GDH (um)

Pig, 2 : Stoichiometry of the PCMB nitroxide spin-labeling.

®, without any added ligand ; x, in the presence of 1074 M NADPH :

©, in the presence of 106-4 M NADH ; & sy in the presence of 5 x 10-4 ™ ADP.
A11 labeling exveriments were performed under the experimental conditions
described in "Material and Methods", and the reaction time limited to 2 hours.

The spectrum does not present any detectable signal heterogeneity, as was
also observed with the ketone nitroxide (9), probably indicating only one
type of binding site.

We then quantitated the labeling using the momentum method. Fig. 2
shows that the amount of bound PCMB-SL is proportional to the concentration

of GDH in the range siudied : at the end of the reaction (2 hours) an ave-
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Fig, 3 + Modification of the spin-labeling yield by NADPH.

The enzyme (50 pM) was labeled in the presence of increasing NADPH concentra
tions, ® and x correspond to two different experiments.

YPCMB—SL : number of bound PCMB-SL per GDH protomer,
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Fig. 4 : Specific activity of spin-labeled GDH, in the presence or not of
effectors.

The catalytic oxidation of NADPH by 2.oxoglutarate and NHj was followed,

under steady state conditions, spectrophotometrically at 340 nm.

YPCMB—SL : number of bound PCMB-SL per GDH protomer ; v/e is expressed in

moles NADPH oxidized per mole GDH protomers and per second.

® , labeled enzyme assayed without any effector,

0 , labeled enzyme assayed in the presence of 5 x 10-4 M ADP ;

B, labeled enzyme assayed in the presence of 5 x 10-4 M GTP :

X , enzyme assayed in the presence of 5 x 104 M ADP, but labeled in the

presence of either 10-4 M NADPH (X; ) or 4 x 10-4 M NADPH (X, ).

& s enzyme both labeled and assayed in the presence of 5 x 104 w avp.
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rage of only 0.60 * 0.12 mole of PCMB-SL bound per mole protomer, in the
absence of any substrate ligand (full circles).

We have observed that, if the labeling reaction is performed, under
the same conditions as previously described, but in the presence of NADPH,
the labeling level is significantly decreased (Fig. 2), Adepending on the

NADPH concentration (Fig. 3 ), with a K around 40 pM. The vresence of

NADH or ADP does not provoke such a proiéition effect.

The labeled enzyme, when assayed under steady state conditions, by
following the catalytic oxidation of NADPH by 2-oxoglutarate and NHZ in the
absence of effectors GTP or ADP, shows the same specific activity whatever
the amount of labeling (Fig. 4). The amount of inhibition by GTP under the
same assay conditions, does not seem to be modified with the amount of
labeling : 95 % inhibition is observed in the presence of 5 x 16’4 M GTP
with either the native enzyme or the labeled enzyme,

The labeled enzyme is strongly modified as far as its activation by
ADP is concerned ; while an activation of 250 % characterises the native
enzyme in the presence of 500 pM ADP in the assay medium, this activation
decreases markedly with the amount of labeling. When an average 0.5 PCMB-SL

is bound per protomer, the enzyme cannot be activated by ADP (Fig. 4).

Various arguments tend to show that the labeled site is different
from the NADPH binding site (i) the labeled enzyme is fully active (ii)
the affinity for NADPH is not changed as shown by fluorometric binding
studies (Kd = 20 uM for the native enzyme and for the labeled enzyme at
22°C.). However, the reduced coenzyme labeled enzyme complex has at least
one markedly different characteristics : we noticed that the ellipticity
in the nicotinamide band of the bound reduced coenzyme is 50 % less in the

complex with the labeled enzyme, suggesting a different positioning of the

coenzyme in its site,

The data reported here show that PCMB-ST, is bound very rigidly to
probably a single typme of amino acid residue which has no influence on the
enzyme activity. Although this residue has not yet been identified, it is
probably, because of the chemical nature of the spin label used, 2 cysteine
residue., The stoichiometry, significantly lower than one, even in extending
the time of the labeling reaction, may be due to the bulkiness and/or high
hydrophobicity of the spin-label used. However it can also reflect a func-
tional non-equivalence of the six protomers within the hexamer, a phenome-
non for which indications exist in phosphate medium as reported and comment-

ed recently (16-18).

1190



Vol. 74, No. 3, 1977 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

The protection effect shown by NADPE - a marked but not total de-
crease in the labeling yield - might be due to the structural change induces
by NADPH binding which we have reported recently (19).

Although the reactive cysteine group involved in the label binding is
not important for the enzyme activity, it is sensitive to structural changes
that occur in the active site. We have indeed observed a further immobili-
zation of the bound spin label spectrum in the nresence of NADPH after addi-
tion, of the nucleotide GTP - which inhibits the labeled enzyme as well as
the native one (Fig. 1). The same observation was reported with the ketone
nitroxide probe (9)}. This fact should be considered together with the fact
that GTP prevents the migration of substrate ligands from and towards the
active site, which seems to reflect a rigidification of the protein molecule

around the active site (18).

We acknowledge very simulating discussions with Drs. M, Iwatsubo and
F. labeyrie. Part of the FSR experiments were performed in Dr, Douvou's
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